From a study of the magnetism of a rock sequence the palaeogeographic latitude at the time the beds were laid down may be estimated. Little work of this type has been reported from actual oil-fields but useful results can be obtained by extrapolating from magnetic data already recorded from nearby regions. The palaeolatitudes of many pre-Tertiary oil-fields obtained by these methods are shown to be usually less than 20' although their present latitudes range from 25' to 59'. These results are consistent with the hypothesis that oil originated preferentially in low rather than high latitudes. They also suggest that the measurement of the magnetic inclination in rock sequences which are being explored for oil is a useful tool for deciding the likelihood of the occurrence of oil.
I. Introduction
In the search for new oil-fields there are two main questions:
(a) Are available structures (domes, anticlines, etc.) present in which oil is likely to be trapped, and are the rocks likely to be suitable as petroleum reservoirs? (b) If any such structures are present is the general geological and palaeogeographical environment one in which oil may have formed in the first place?
The first problem may be satisfactorily studied by normal exploration techniques. The second is more difficult since the mechanism by which oil is formed and its later possible migration from source beds to its present reservoirs are matters of conjecture. There is no direct method of detecting oil other than by drilling.
One question of general importance relates to the temperature conditions suitable for oil formation. Oil-fields in geologically young rocks are generally but not always confined to low latitudes (Section 2) and this may be taken to indicate that oil is preferentially laid down in equatorial or tropical climates with high average temperatures. If this has always been so then structures in which the rock facies indicate cold or glacial climates are less likely to contain oil than those laid down in warm or hot conditions. Alternatively oil formation may be unrelated to temperature conditions so there is equal likelihood of finding oil in all latitudes. Palaeogeomagnetism provides an independent check of such hypotheses since in principle it provides an estimate of past geographical latitudes. This paper is concerned with such tests.
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The geographical distribution of oil-fields
In Figure I the main producing oil-fields are marked on a map of the world. Fields of different ages are distinguished by different letters. The age refers to the age of the reservoir rocks. The following points may be noted :
(a) Oil-fields in Tertiary beds are, broadly speaking, in tropical or subtropical latitudes. A few, notably in the Caucasus and Southern Europe, are exceptional.
(b) Oil-fields in Mesozoic and Palaeozoic beds mostly lie in intermediate latitudes.
(c) The great majority of oil-fields lie in the northern hemisphere except for peripheral regions (e.g. Argentine east of the Andes). There are no oil-fields of any magnitude in Gondwanaland proper (Gondwanaland is the collective name applied to those land areas of S. America, Africa, peninsular India and Australia, in which the Gondwana type rock and fossil sequences are typically developed) but fields occur around its periphery (Argentina, Arabia, etc.) . Although the land area in the southern hemisphere is less and exploration has been much less extensive, the preponderance of the production from northern hemisphere fields is so great that the distribution is unlikely to be entirely a matter of land distribution or variability in exploration effort. The first point (a) suggests an association of oil-fields with low latitudes. If this has always been the case points (b) and (c) may be explained by supposing that there has been a northward migration of all the continents; Nbrth America and Europe, for instance, formerly occupying low latitudes, and the southern continents being in high southerly latitudes. The problem therefore is this: were the rock formations in the Mesozoic and Palaeozoic oil-fields laid down in latitudes comparable to their present day latitude, or were they laid down in low latitudes, the land masses concerned having since moved northwards? 56
Palaeomagnetic methods for estimating palaeogeographic latitude
Studies of the directions of magnetization in Quaternary rock formations have shown that during the past million years the Earth's magnetic field has been that of an axial geocentric dipole when averaged over several thousands of years (Hospers 1955 , Runcorn 1956a , Irving 1959 . If it is supposed that this has always been true-and there is much evidence to support this (Irving 1956 )-then the geographical latitude ( A, ) for any place at any period of time in the past can be calculated if the inclination of the geomagnetic field at the same place and at the same time are known from the following relationship : E. Irving and T. F. Gaskell tanAp = 8 cote, = tan I,
where 8, is the colatitude (0, = 90 -A, ) . The values 8, and A, are referred to as the palaeogeomagnetic co-latitude and latitude, which are also the palaeogeographic co-latitude and latitude provided the Earth's dipole field has always been directed along the rotation axis. An estimate of the palaeogeomagnetic inclination I, freed from fluctations due to the secular variation, may be obtained by averaging the directions measured through such a rock thickness as may be reasonably supposed to span a period of time of the order of several thousands of years or more.
In general, however, this method cannot be used since studies of the magnetization of rocks have not been made in many actual oil-fields so that estimates of the past latitude have to be made using results from a nearby region. Suppose that in a nearby region (B) with geographical co-latitude and longitude (86, $ 6 ) magnetic results have been obtained from rock formations of comparable age to those in the oil-field A, (Om, +a) . From these results the pole position P(8', 4') can be calculated (Creer & others 1957) . The ancient co-latitude of the oil-field area is then given by: cos 8, = cos 8' cos Oa + sin 8' sin Oa cos( +' -+ a ) .
(2)
8, can be obtained graphically to an accuracy of I" by measuring the arc of the great circle between (&, +a) and (d', 4') using a stereographic projection. Graphical methods have been used in this paper since they are quicker and sufficiently accurate for the present purposes. The methods are illustrated in Figure 2 which shows three examples : (i) from the Permian oil-fields of West Texas, (ii) from the Devonian oil-field at Saratov (U.S.S.R.), and (iii) from Bahrain. The magnetic data used are from Arizona, the Russian platform and Turkmenia respectively.
The values A, will only be an accurate estimate of the latitude at the time the oil-field beds were laid down if (a) there has been negligible movement between the sampling region B and the oil-field region A, and (b) if the magnetic directions observed at B are characteristic of the same period of time as the oil-field rocks Inaccuracies from (a) will arise in a region which has undergone relative translation between A and B. Folding will not affect the result since this is always corrected for in magnetic results. Relative rotation of B with respect to A, even under the most extreme circumstances (90" relative rotation), will not produce an error in A, greater than twice the separation of A and B. Inaccuracies from (b) will arise if the dipole field has changed substantially in the direction between the time of deposition of the beds at B and the oil-field beds at A.
Results
Magnetic results from nearby areas are available for only. 18 oil-fields of proved commercial importance in rock formations of pre-Tertiary age. Certain results With these exceptions all the results at present available to the authors from regions near to the pre-Tertiary oil-fields of proved commercial importance have been summarized in Table I . In some of the fields considered oil is obtained from beds of more than one geological period, in which case a determination for each period has been made. In all cases the palaeolatitude, A,, is less than the present latitude, A, , often by large amounts.
Changes in latitude inferred from magnetic data are generally interpreted as being due to polar wandering (movements of the axis relative to the Earth as a whole) or continental drift (relative movements between continents) or to the combined effect of these processes (see for instance, Creer Although the results are not sufficiently numerous for the distribution either side of the mean to be studied in detail it is notable that more values lie between 10' and zoo than between oo and 10'. It is concluded that the distributions of present and past latitudes differ significantly from one another and that there is a strong tendency for pre-Tertiary oil-fields to be associated with low palaeolatitude.
It has already been explained (Section 3) that the possibility of errors arising from the relative movements between an oil-field and a sampling region will always be present until results are forthcoming from the oil-fields themselves. These errors are likely to be small in results such as that depicted in Figure ~ (ii).' The Saratov oil-field borders the Russian platform from which the magnetic data has been obtained, and the possibility of substantial relative movement in this stable region is not great. However, in such a result as that given in Figure z (iii) the sampling region is less favourably placed. The sampling region from which the palaeolatitude of the Middle East oil-fields (NOS. 35-39, Table I ) has been deduced is in Western Turkmenia on the other side of the Tertiary fold mountains of Iran.
The most important component of relative movement is therefore likely to have been towards each other so that the estimates of palaeolatitude for the Middle East oil-fields are likely to be too high, that is, the change in latitude has, if anything, been underestimated. Table I Estimated palaeogeographic latitudes of
pre-Tertiary oil-$elds
This Table lists the pre-Tertiary oil-fields for which relevant magnetic data are available. The location and age of the oil-bearing beds (A) are given in the first two columns. In the third column the name, age and location of the formations studied magnetically
(B)
are given together with the reference number and the name of the author; the reference number is that used in the (Khramov 1958) This is not likely in the majority of cases listed in Table I . Moreover such movements are likely to have had a random, not a systematic, effect so that the mean of the distribution in Figure 3(iv) is not invalidated. Figure 3 , but it is highly desirable to check it by measurements in the Devonian beds of this region.
Discussion
The processes of oil formation are not yet understood. Some recent work (Al'touskii, Kuznetsova & Shvets 1960) suggests that oil is derived from terrestrial plant life and is carried by artesian water into porous rock so that reservoir rocks could be older than the oil they contain. The traditional theory of marine origin, on the other hand, usually leads to the opposite conclusion. Migration of oil from one reservoir to another will produce cases where the age of the oil and its reservoir rock are different. However, Table I relates only to reservoir rocks, and the fact that the results do group themselves significantly has a bearing on the origin and migration of oil. The results suggest that reservoir rocks were laid down in low latitudes. They are also consistent with the view that the oil itself originated in low latitudes and did not, in general, migrate to formations which were younger (or older) by a large amount, although in individual cases it may have done so.
The results suggest that measurements of the inclination of the magnetization in rocks are potentially useful in helping the oil geologist to judge the likelihood that-any suitable rock structure will contain oil. For instance, if Figure 3 is a representative sample, the best chance of finding oil is in palaeolatitudes of less than 20" (inclination 0-36"). When A, is greater than 40" ( I > 60") the chances would appear to be small, and where A, exceeds 60" ( I > 74") the chances may be remote.
These conclusions are based on a limited number of observations and may require some modification when magnetic results are available from all the world's oilfields.
When making geological surveys of oil prospects it will obviously be worthwhile to collect oriented rock samples in order to measure their directions of remanent magnetization. A further practical approach which might be pursued by oil companies is to collect oriented rock samples for magnetic measurements of the reservoir rocks in producing oil-fields, in order to supplement the information presented in Figure 3 . Although it is desirable to employ oriented samples, useful results can be got from unoriented cores which may already be in the rock collections of oil companies ; provided the bedding plane can be recognized, the magnetic inclination can be measured and the palaeolatitude calculated.
The determination of palaeolatitude, and the interest that these determinations have for such questions as the conditions of origin of oil, depend fundamentally on certain basic assumptions concerned with the nature of the palaeogeomagnetic field, and the reliability of the magnetism of rocks as indicators of that field. However, the evidence presented in this paper does suggest that there is a correlation between the observed magnetic inclination and the occurrence of oil, and if this is confirmed by direct study in the oil-fields themselves then observations in regions of unknown potential can be used as a tool for judging the likelihood of oil occurrence without reference to these assumptions. This will then provide a direct physical measurement to supplement the observations of past climatic conditions that are often tacitly included in the assessment of prospective oil territory. Australian National University, British Petroleum Company, 63 Canberra, A.C. T., London. Australia. I 962 January.
